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towards adulthood. We now extend on these findings by
showing that such a decline is only observed when satel-
lite cell content is expressed relative to muscle fiber size
and/or myonuclear content. Furthermore, we report that

during normal childhood growth, nomajor differences are
apparent between type I and II muscle fibers for muscle
fiber size and satellite cell content. The greater satellite
cell content in very young children (i.e., expressed relative
to muscle fiber size and/or myonuclear content) is likely
essential to provide new myonuclei to allow substantial
muscle hypertrophy during childhood growth (Oertel
1988; Vassilopoulos et al. 1977). In support, we report a
30- to 40-fold increase in type I and type II muscle fiber
size during the first 18 years of life (Fig. 2a), with a
concomitant increase in the number of myonuclei per
muscle fiber.

Over the adult lifespan, there is a gradual loss of
skeletal muscle mass with increasing age (Janssen et al.
2000). With large differences existing in the function and
morphology of different muscles, age-related changes in
muscle fiber characteristics have also been shown to be
markedly different between, for example, limb and jaw
muscles (Monemi et al. 1999; Renault et al. 2002;
Thornell et al. 2003). In the present study, we show that
between the third and ninth decade of life, there is an
approximate 30–35 % reduction in type II muscle fiber
size in the vastus lateralis muscle (Fig. 3a). Strikingly,
from the current cross-sectional analysis, there is abso-
lutely no indication of any decline in type I muscle fiber
size with increasing age. Whereas type II muscle fiber
size in vastus lateralis generally exceeds type I muscle
fiber size in a young adult population, the opposite holds
true at a more advanced age (Fig. 4a). These data confirm
previous suggestions reporting specific type II muscle
fiber atrophywith aging (Larsson et al. 1978; Lexell et al.
1988). This underlines the importance of muscle fiber
type-specific characterization of skeletal muscle tissue,
as type-specific alterations may remain undetected when
using mixed muscle fiber analyses. Apart from type-
specific modifications in muscle fiber size, changes in
MHC composition have been reported throughout life.
Previous work has shown substantialMHC coexpression
in old vastus lateralis muscle (Andersen et al. 1999), old
masseter muscle (Monemi et al. 1999), and young mas-
seter but not biceps brachii muscle (Osterlund et al.
2012). Furthermore, a shift towards a fast and fetal
phenotype was observed in old masseter muscle
(Monemi et al. 1999) and a shift towards a slower
phenotype in the old biceps brachii (Klitgaard et al.
1990; Monemi et al. 1999) and vastus lateralis muscle
(Klitgaard et al. 1990). These previous studies have
shown that muscle phenotypic modifications throughout
life are both muscle and region specific, and different

Fig. 5 Skeletal muscle fiber (a) cross-sectional area (CSA) and (b)
satellite cell (SC) content before and after 12 weeks of resistance-
type exercise training in 51 older (71±6 years) subjects. c Linear
regression showing the relation between the change in type II
muscle fiber SC content and the change in muscle fiber CSA
following the 12-week training program. Data represent means
±SD. Asterisk: significantly different when compared with type I
muscle fibers (P<0.001). Number sign: significantly different
when compared with values before training (P<0.05)
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towards adulthood. We now extend on these findings by
showing that such a decline is only observed when satel-
lite cell content is expressed relative to muscle fiber size
and/or myonuclear content. Furthermore, we report that

during normal childhood growth, nomajor differences are
apparent between type I and II muscle fibers for muscle
fiber size and satellite cell content. The greater satellite
cell content in very young children (i.e., expressed relative
to muscle fiber size and/or myonuclear content) is likely
essential to provide new myonuclei to allow substantial
muscle hypertrophy during childhood growth (Oertel
1988; Vassilopoulos et al. 1977). In support, we report a
30- to 40-fold increase in type I and type II muscle fiber
size during the first 18 years of life (Fig. 2a), with a
concomitant increase in the number of myonuclei per
muscle fiber.

Over the adult lifespan, there is a gradual loss of
skeletal muscle mass with increasing age (Janssen et al.
2000). With large differences existing in the function and
morphology of different muscles, age-related changes in
muscle fiber characteristics have also been shown to be
markedly different between, for example, limb and jaw
muscles (Monemi et al. 1999; Renault et al. 2002;
Thornell et al. 2003). In the present study, we show that
between the third and ninth decade of life, there is an
approximate 30–35 % reduction in type II muscle fiber
size in the vastus lateralis muscle (Fig. 3a). Strikingly,
from the current cross-sectional analysis, there is abso-
lutely no indication of any decline in type I muscle fiber
size with increasing age. Whereas type II muscle fiber
size in vastus lateralis generally exceeds type I muscle
fiber size in a young adult population, the opposite holds
true at a more advanced age (Fig. 4a). These data confirm
previous suggestions reporting specific type II muscle
fiber atrophywith aging (Larsson et al. 1978; Lexell et al.
1988). This underlines the importance of muscle fiber
type-specific characterization of skeletal muscle tissue,
as type-specific alterations may remain undetected when
using mixed muscle fiber analyses. Apart from type-
specific modifications in muscle fiber size, changes in
MHC composition have been reported throughout life.
Previous work has shown substantialMHC coexpression
in old vastus lateralis muscle (Andersen et al. 1999), old
masseter muscle (Monemi et al. 1999), and young mas-
seter but not biceps brachii muscle (Osterlund et al.
2012). Furthermore, a shift towards a fast and fetal
phenotype was observed in old masseter muscle
(Monemi et al. 1999) and a shift towards a slower
phenotype in the old biceps brachii (Klitgaard et al.
1990; Monemi et al. 1999) and vastus lateralis muscle
(Klitgaard et al. 1990). These previous studies have
shown that muscle phenotypic modifications throughout
life are both muscle and region specific, and different

Fig. 5 Skeletal muscle fiber (a) cross-sectional area (CSA) and (b)
satellite cell (SC) content before and after 12 weeks of resistance-
type exercise training in 51 older (71±6 years) subjects. c Linear
regression showing the relation between the change in type II
muscle fiber SC content and the change in muscle fiber CSA
following the 12-week training program. Data represent means
±SD. Asterisk: significantly different when compared with type I
muscle fibers (P<0.001). Number sign: significantly different
when compared with values before training (P<0.05)
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51名の⾼齢者（71±6歳）に対する12
週間のレジスタンストレーニング前後の筋線
維断⾯積(a)および筋線維当りの筋サテラ
イト細胞数(b)、トレーニングプログラムよる
FT線維当りの筋サテライト細胞数の変化と
FT線維の断⾯積の変化(c)。

*vs. ST(type I) (p<0.001), #vs. トレーニング前 (p<0.05) Verdijk LB et al: Age (Dordr). 36(2): 545-557, 2014.

図2. ⾼強度レジスタンストレーニングは⾼齢者の速筋線維の筋サテライト細胞数を増加させ、
筋肥⼤を⽣じさせる。
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